We study, using Monte Carlo dynamics, the time (t) dependent average magnetization per spin for field amplitudes h 0 below some threshold value h c 0 (τ ) (dependent on τ values; h c 0 → 0 as τ → ∞ across the phase boundary) . Beyond these h c 0 (τ ), a discontinuous phase transition occurs. *
Fluctuations in order parameter and their scaling properties are studied across the phase boundary.
These studies indicate that the nature of the transition is Ising like (static Ising universality class)
for field amplitudes h 0 below some threshold value h c 0 (τ ) (dependent on τ values; h c 0 → 0 as τ → ∞ across the phase boundary) . Beyond these h c 0 (τ ), a discontinuous phase transition occurs.
I. INTRODUCTION
The study of the kinetic Ising system under time varying magnetic field has already been an important research area of non-equilibrium statistical physics [1] [2] [3] . In this context, many studies were made where a periodic time varying magnetic field was applied in the kinetic Ising system and it was observed that a symmetry breaking dynamic transition (in the response magnetization) takes place depending upon the magnitudes of frequency and amplitude of the applied field [4, 5] . Extensive Monte Carlo simulations have been done [3, [6] [7] [8] to estimate the different critical exponents for this dynamic transition. It appears [9] that the nature of dynamic transition is Ising like (continuous) up to a certain value of field amplitude and frequency after which the transition becomes first order. The same model was also studied by applying field pulse [10] [11] [12] [13] .
In this paper we will discuss the behavior of kinetic Ising model under stochastic field (random field in time; h(t)). The kinetic Ising model under random field has also been addressed earlier by taking different types of distributions of external magnetic field [3, 14, 15] , though its transition behavior has not been analyzed systematically. Here we will investigate the response of kinetic Ising model under binary stochastic field ±h 0 . We study the model by taking the stochastic field such that within every successive time interval τ , the total field applied on the system is zero (without any fluctuation;
any integer value of n). We did Monte Carlo studies for different values of τ . We observe that a continuous dynamic phase transition takes place for small values of field amplitude h 0 and small τ values with Ising-like scaling behavior and exponent values. However, for higher values of τ or field amplitude h 0 , the nature of transition does not remain continuous.
Specifically, we have studied the response magnetization m(t) of the system for stochastic fields h(t) and define an order parameter Q = (1/τ ) τ 0 m(t)dt (where m(t) is the average magnetization per spin). We study the fluctuation behavior and scaling properties for different ranges of τ values. In particular, here we study the variation of the Binder cumulant
, where < · · · > denotes the thermal average in the steady state) and the , to be a 'glass-like' dynamically frozen phase [15, 16] .
II. THE MODEL AND MONTE CARLO SIMULATION
We consider two dimensional (L × L on a square lattice) kinetic Ising model with periodic boundary condition. The Hamiltonian of the system can be written as
where J ij is the interaction strength between the i-th and j-th spins (here we take J ij = 1),
for any i-th spin, (ij) indicates the nearest-neighbor pairs and h(t) is the field applied on the system. We consider time dependent stochastic field h(t) which varies stochastically over time and in our case it takes the values ±h 0 with same probability. In order to avoid case with a net average of h(t) due to fluctuation, we choose the field amplitudes in such a way that within a certain time interval τ total field applied in the system is zero: In each period τ , a series of τ /2 number of h 0 and −h 0 values are first chosen and then called randomly from the set. This ensure that (n+1)τ nτ h(t)dt = 0 for all integer values of n. The order parameter of the system can be defined as
averaged over n (= 0, 1, 2 . . . ), where m(t) = (1/L 2 ) i s i (t). In our Monte Carlo simulation, we selected any spin randomly and then it was flipped with rate
where ∆E is the change in energy due to the spin flip, T is the temperature of the system and k B is the Boltzmann factor. One Monte Carlo (MC) step is defined as L 2 spins updated randomly.
In our simulation, we have taken L = 32, 64 and 128 (with periodic boundary conditions) and the initial conditions were either all spins up or down. To check the steady state, we took the averages for some initial time (typically 10 5 MC steps) and checked if the averages match at least for three to five successive such time intervals. After that, the order parameter, and other parameters, discussed later, were averaged over more than 10 6 time steps.
III. RESULTS
In Fig 
The temperature variations of the Binder cumulant for different sizes show a crossing pint U * (T c ) independent of system sizes at the critical point T c (h 0 , τ ) (see e.g., [1, 17] ). In the 
B. Phase Boundary
We have shown that there are certain ranges of field amplitude h The inset shows the crossover regions more clearly.
C. Susceptibility and correlation length behaviors
As mentioned earlier, we also investigated the behavior of fluctuations (χ) in Q for different system sizes. We define the susceptibility as
and fit the data to the scaling form
where the scaling function χ 0 is asymptotically defined function and ǫ = (T − T c )/T c . We estimated χ L for L = 32, 64 and 128 for τ = 8 ( Fig. 6(a) ), and τ = 100 (Fig. 6(b)) with the same field amplitude h 0 = 0.4. The peak point temperatures compare well with To estimate the correlation length exponent value of ν independently, we assume the scaling form as
where T c is the critical point in thermodynamic limit and T c (L) is the critical point of system size L and a is any constant value. In the Fig 
IV. SUMMARY AND DISCUSSION
Here we have investigated, using Monte Carlo dynamics, a 2-D Ising spin system (on a square lattice with periodic boundary condition) under stochastically varying field (with binary values ±h 0 ) and the spins are flipped according to Glauber dynamics. Such systems were already considered earlier [3, 14, 15] while the numerical study [14] was not very conclusive, the mean field study [15] indicated several intriguing phases and transitions in the model. In order to set a time scale for the stochastically varying external field, we have time ordered the field in such a way that after every time interval τ the total field applied in the system is zero i.e., [18, 19] . We also find that the correlation length exponent for the discontinuous transition has got universally high value (ν = 2.5) indicating a 'spin-glass' like [16] 'frozen' dynamical [15] phase.
